B. mycoides and B. pseudomycoides are characteristic for their penchant of making mycelia colonies on agar plates (Di Franco et al., 2002 , Nakamura 1998 weihenstephanensis is a psychrotolerant bacteria often found in dairy products (Anderson Borge et al., 2001) . Despite the potential of toxin production in B.
weihenstephanensis (Stenfors et al., 2002) , neither this species nor B. mycoides have been reported to having caused any human infections. Many of the phenotypical traits that can be used to differentiate species in the B. cereus group are plasmid-mediated.
The B. anthracis, B. cereus and B. thuringiensis are closely related due to their high degree of DNA sequence similarity (Helgason et al., 2000 , Rasko et al., 2005 . Recent publications have reported that B. cereus infections may resemble inhalational anthrax (Hoffmaster et al., 2004 , Hoffmaster et al., 2006 . The B. cereus G9241 strain harbours a plasmid with nearly 100% amino acid identity to the B. anthracis pXO1 plasmid and causes inhalational anthrax-like symptoms. Furthermore, the B. cereus strain, E33L, isolated from a zebra carcass in Namibia, probably caused an illness resembling anthrax (Han et al., 2006) . (Harrell et al., 1995 , Helgason et al., 1998 , Hill et al., 2004 , Sherif et al., 2003 , Valjevac et al., 2005 . Multilocus sequence typing (MLST) is a molecular method that was first developed for genotyping of Neisseria meningitidis (Maiden et al., 1998) . During recent years this method has been use five to seven fragments of various housekeeping genes for MLST analysis.
Results from these studies show that B. anthracis strains constitute a separate clonal The lef and cap genes, encoding the lethal factor and the poly-D-glutamic acid capsule respectively, located on the pXO1 and pXO2 plasmids respectively, are frequently used as genetic markers for identification of B. anthracis (Hoffmaster et al., 2002) . It is necessary to possess B. anthracis specific chromosomal markers as a supplement to the plasmid-encoded markers due to the fact of plasmid instability. B.
anthracis strains containing only one of the pXO-plasmids are found in nature (Patra et al., 1996 , Turnbull et al., 1992 , and it cannot be ruled out that bacterial strains may be genetically modified for bioterror actions. Several chromosomally derived PCRprimers for identifying B. anthracis have been published, targeted against BA813 (Ramisse et al., 1996) , saspB (Hoffmaster et al., 2002) , rpoB (Qi et al., 2001) , gyrA , a fragment crossing a hypothetical protein and a alpha/betahydrolase encoding genes and plcR (Easterday et al., 2005) .
In this study, the genetic distribution of a collection of 295 B. cereus group members has been explored by a modified MLST-screening method using the adk gene fragment. The collection has been used to evaluate a novel chromosomal B.
anthracis specific marker for real-time PCR identification.
Materials and Methods

Bacterial strains
Dette er en postprint-versjon / This is a postprint version. DOI til publisert versjon / DOI to published version: 10.1016/j.mimet.2007.10. 001 A total of 295 Bacillus cereus group isolates were used in this study (Table 1 
Bacterial growth
All strains were plated on brain heart infusion agar (BHI) (Acumedia Manufacturers Inc. Baltimore, USA) and grown at 32ºC overnight. In general, cells from one single colony were inoculated in 10 ml BHI-broth and grown at 32ºC overnight.
The strains clustering close to B. anthracis were streaked on sheep blood agar, and grown at 32 ºC overnight. Characteristic phenotypical features for B.
anthracis were studied by inspecting colonies for lack of hemolysis and cell mobility (microscopy). The penicillin sensitivity of B. anthracis was investigated by plating the bacterial cells onto BHI agar plates containing 10.0 µg/ml and 0.5 µg/ml of penicillin G (Farrar and Reboli 1992).
Extraction of DNA
A 10 ml bacterial culture grown overnight was harvested by centrifugation at 2000 x g for 10 min. The pellet was resuspended in 1 ml sterile 10 mM PBS (phosphate buffered saline, pH=7.4) and lysed at 3200 rpm for 1 min using silica beads (500 mg of both 0.1 and 0.5 mm beads) in a Mini-Beadbeater-8 (BioSpec the supernatant, containing a crude DNA extract, was stored at -20 ºC until used as a template in PCR. The DNA was diluted a 100-fold in 10 mM PBS before being used as a template in real-time PCR. -and primer/probe concentrations are presented in Table 2 . The temperature program was as follows: 5 min initial denaturation at 95ºC followed by 35 cycles of denaturation at 95ºC for 10 sec, annealing at individual temperatures (Table 2) for 10 sec and primer extension at 72ºC for 25-35 sec. The amplifications were terminated after a final elongation of 5 min at 72 ºC. The PCR fragments were verified by electrophoresis using the Bioanalyzer (Agilent Technologies, USA). PCR products for DNA sequencing were purified using the QIAquick PCR purification kit (Qiagen). The purified PCR products were eluted in 20 µl of sterile water and the DNA concentrations were determined at 260 nm using the NanoDrop ND-1000 Spectrophotometer ® (NanoDrop Technology, USA).
DNA Sequencing
Dette 
Data analysis
The Staden Package (Staden, 1996) was used for alignment, editation and construction of consensus sequences based on the ABI sequence chromatograms. The adk consensus sequences were entered into the Bionumerics v4.50 software (AppliedMaths, Belgium) where a cluster analysis was performed to evaluate the genetic relationship among the strains. Based on a pairwise alignment and a distance matrix, a dendrogram was constructed using the unweighted pair group method with arithmetic mean (UPGMA). In order to achieve higher resolution, the B. cereus group strains clustering close to B. anthracis in the dendrogram were analyzed by running a MLST scheme according to Helgason et al. (2004) . The MLST sequence data were analyzed using computer scripts kindly provided by Erlendur Helgason (Biotechnology Centre, Oslo). Based on allele sequences obtained in this study compared to those reported by Helgason et al. (2004) (data available from GeneBank under accession numbers AY387859 to AY388397), a dendrogram was constructed using the MEGA3.0 software package (Kumar et al., 2004) and the neighbour -joining (NJ) method (Saitou and Nei, 1987) . To better assess the genetic relationship of the strains belonging to ST2-8 ( Fig.   1 ), these strains were compared to 77 other B. cereus group members by using a full MLST scheme (Helgason et al., 2004) . This MLST scheme compares partial nucleotide sequences of seven housekeeping genes; adk, ccpA, ftsA, glpT, pyrE, recF and sucC. To achieve a higher discriminating power of the MLST analysis, the scripts used divided each gene fragment into three nearly equal parts, generating allelic profiles consisting of 21 numbers instead of seven (Helgason et al., 2004) . These The B. cereus strain NVH246-02 was subject to an MLST analysis, using all seven loci, since its species had not been verified. In this study, NVH246-02 belonged to the MLST cluster B1 (Fig. 1) anthracis compared to isolates located in cluster A. Based on these results, we propose that the NVH246-02 strain is not a B. anthracis strain. This finding is supported by the observation that no fragments were amplified by real-time PCR using the B. anthracis specific BA5510-1/2, BA813-f/r, BAcap-f/r and or BAlef-f/r primers (see section below). used chromosomal marker BA813 (Ramisse et al., 1996) was amplified from 31 of 288 non-B. anthracis strains (11 %), in which 12 of these strains, B275, BGSC4AJ1, BGSC4AU1, BGSC6E1, BGSC4Y1, BGSC4AS1, BGSC4AW1, BGSC4AY1, NVH1518-99, NVH0500-00, DSM318 and DSM336, were located in cluster A in the MLST dendrogram (Fig. 2) . These results showed that the primer set BA813-f/r was not specific for B. anthracis, which is consistent with previously published results where four out of 60 non-B. anthracis strains were amplified (Ramisse et al., 1999) .
Nucleotide sequence accession numbers
No amplification was obtained from these 31 strains when using the BA5510-1/2 primer set. 
Phenotypic and genetic features
In this study, 24 B. cereus/B. thuringiensis isolates were found to be closely related to B. anthracis based on the adk sequence comparison (Fig. 1) . 21 of these strains were analysed for several B. anthracis specific phenotypic characteristics.
Except for the B283 and B366 strains, all investigated isolates were motile, penicillin resistant and hemolytic when analysed on sheep blood agar (data not shown), which are general characteristics for B. cereus /B. thuringiensis strains. Neither motility nor hemolysis was observed when examining the B283 and B366 cells, that were located in cluster B1 in the MLST dendrogram. However, penicillin sensitivity was observed (no growth at 10 µg/ml, 1 colony at 0.5 µg/ml). Also, all 21 strains were used to investigate the presence of the B. anthracis specific mutation in the plcR gene, a pleiotropic regulator gene of several virulence genes in the B. cereus group (Agaisse et al., 1999) . This mutation was not found in any of the isolates by nucleotide The PCR primers targeting the lef and cap genes located on the B. anthracis plasmids pXO1 and pXO2, respectively (Ramisse et al., 1996) However, this finding changed depending on the locus analysed (AH818 was closest using cerA and SG-749, whereas DSM336 was closest when using plcR) (Daffonchio et al., 2006) . The B. thuringiensis strain BGSC4AJ1 showed identical allele profile to several B. cereus isolates causing periodontitis. Previously, the BGSC4AJ1strain was analysed by another MLST scheme (glpF, gmk, ilvD, pta, pur, pycA, and tpi) (Priest et al., 2004) , where four common alleles with B. anthracis were found (Kim et al., 2005) , placing BGSC4AJ1 nearest to B. anthracis among 150 strains of the B. cereus group. Our finding of an amplified product using the BA813-f/r primer set genetically connecting DSM318, DSM336 and BGSC4AJ1 to B. anthracis, suggested that these strains were all closely related to B. anthracis. However, these results showed that the exact relationship will depend on the analytical method applied and the selection of markers used for the MLST method chosen. This has also been addressed by Marston et al. (2006) , where discrepant results were obtained when analysing 23 Bacillus spp.
with traditional microbiological methods and PCR, emphasising the need for MLST and MLVA analyses to achieve a reliable determination of species. anthracis 16S rRNA gene (Per Einar Granum, personal communication). In this study, NVH246-02 was distantly related to B. anthracis based on MLST (Fig. 2) and lack of amplification using the BA5510-1/2, BA813-f/r, BAcap-f/r and BAlef-f/r B.
anthracis specific primer sets. Based on these results, we strongly believe that this strain is not a B. anthracis strain.
A novel B. anthracis specific chromosomal primer set and a probe for real- anthracis. The primer (BA5510-1/2) and probe sequences (BA5510-FL/BA5510-640) showed 100 % identity to the DNA sequence from AH820. However, nine and eight point mutations in primer and probe sequence, respectively, were identified in the tagH gene in the E33L strain. These findings strongly suggest that the primer BA5510-1/2 will result in an amplification of the AH820 genome, but this needs to be elaborated regarding the E33L strain. Unfortunately, we were not able perform the necessary real-time PCR analysis to verify these findings, due to not being in possession of these strains. Bode et al. (2004) have reported a real-time PCR assay using a single chromosomal primer set, without the use of probes, resulting in an amplification of a wrong-sized fragment of only one non-B. anthracis strain (ATCC21771) (100% B.
anthracis specific if probe was used). However, in that study only 62 non-B. anthracis strains were screened. Several other chromosomal markers (BA813, rpoB, gyrA) have been published, but a common feature is their lack of specificity for B. anthracis (Ellerbrok et al., 2002 , Qi et al., 2001 , Ramisse et al., 1999 or their need for a probebased PCR analysis for single-nucleotide differentiation (Easterday et al., 2005) . The chromosomal marker targeting the saspB gene (Hoffmaster et al., 2002) 
